ABSTRACT: Age and growth of the basking shark Cetorhinus maximus (Gunnerus) was examined using vertebral samples from 13 females (261 to 856 cm total length [TL]), 16 males (311 to 840 cm TL) and 11 specimens of unknown sex (376 to 853 cm TL). Vertebral samples were obtained worldwide from museums and institutional and private collections. Examination of multiple vertebrae from along the vertebral column of 10 specimens indicated that vertebral morphology and band pair (alternating opaque and translucent bands) counts changed dramatically along an individual column. Smaller sharks had similar band pair counts along the length of the vertebral column while large sharks had a difference of up to 24 band pairs between the highest and lowest count along the column. Our evidence indicates that band pair deposition may be related to growth and not time in this species and thus the basking shark cannot be directly aged using vertebral band pair counts.
INTRODUCTION
The basking shark Cetorhinus maximus (Gunnerus) has been the target of various fisheries worldwide as far back as the 18th century (Castro et al. 1999) . Performance of historical basking shark fisheries suggests that the species is particularly susceptible to overfishing (Castro et al. 1999) . The basking shark is assessed as 'Vulnerable' on the International Union for the Conservation of Nature and Natural Resources (IUCN) Red List of Threatened Species and is listed in Appendix II of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) (http://sea. unep-wcmc.org. Little is known about the biology of this species, including age and growth (Castro et al. 1999) .
The age of a shark is commonly determined by counting alternating opaque and translucent band pairs deposited in vertebrae. Access to basking shark vertebrae, however, is very limited, especially those for which accurate morphological information is available. This has hampered attempts to elucidate age and growth in this species and previous results have been questioned (Parker & Stott 1965 , Pauly 2002 .
Previous studies of basking shark age have relied on small sample sizes and suspect methodology. Matthews (1950) presented a growth curve based on length frequency information from 13 individuals, but stressed that it was a tentative growth curve. Parker & Boeseman (1954) reanalyzed Matthews' (1950) data with an additional 41 data points obtained from the literature and museums. Parker & Stott (1965) re-examined the Parker & Boeseman (1954) data using a graphical approach and an empirical growth formula, added data, and attempted verification with vertebral counts from 5 specimens. Using all the graphical analyses and vertebral band pair counts, Parker & Stott (1965) concluded that there were 7 pre-birth band pairs and that subsequent band pairs were deposited biannually. These 3 papers contained data adjustments (adding lengths to the original data points), questionable assumptions (arbitrary monthly grouping of animals), or plotting and/or calculation errors. Pauly (1978) questioned the biannual deposition theory, reanalyzed all the previous data using several growth models and concluded that the previous analyses were erroneous and the 7 pre-birth bands 'bizarre'.
While these studies used the best data available at the time, the sample sizes were quite limiting. We attempted to determine age for Cetorhinus maximus based on vertebral band pair counts from sources worldwide.
MATERIALS AND METHODS
Sampling. Vertebral samples from 40 basking sharks were obtained from museums and institutional and private collections. Samples came from several oceans and seas, including the North Atlantic, South Atlantic, Mediterranean, Adriatic, Southwest Indian, North Sea and Northeast Pacific. Vertebrae were preserved using methods of the collectors or institutions, and included: ethanol and/or formaldehyde fixation, drying, and freezing. Samples ranged from 1 vertebra to the entire vertebral columns from each specimen. Maturity condition of individual samples was based on the data provided by the collector (see Table 1 ).
Morphological measurements were inconsistent. In many cases it is unknown if the measurement was taken over the body or was a straight line (caliper) measurement; additionally, length type was not always specified. Often the location of the vertebrae along the column was not specified.
Total length (TL, cm) with the tail in natural position was used throughout this study. In specimens where the type of length was not given, the measurement or estimate was assumed to be TL. A variety of morphological measurements was available for these specimens, including fork and pre-caudal lengths (FL and PCL, respectively) and girth from behind the pectoral, dorsal and pelvic fins. These data and data from the literature (Bigelow & Schroeder 1948 , Matthews 1950 , Wood 1957 , Siccardi 1961 , Chen 1963 , Springer & Gilbert 1976 , Cadenat & Blache 1981 , Izawa & Shibata 1993 , Soldo 1999 Calculated TL values are indicated throughout with a . The TL-weight (WT, kg) relationship was generated using data from the collected specimens and published data (Bigelow & Schroeder 1948 , Wood 1957 , Siccardi 1961 , Springer & Gilbert 1976 , Cadenat & Blache 1981 , Howes 1998 , Soldo 1999 , Serena et al. 2000 , Zuffa et al. 2001 , Schwartz 2002 ) and references contained therein; WT = 9.0073 × 10 -6 × TL 2.94
(n = 59, range 249 to 1000 cm, 95% CI on exponent = 2.74 to 3.12, r 2 = 0.944) Vertebral measurements were made by the collection institutions using guidelines for whale sharks following Wintner (2000) . Measurements included length, dorsal and lateral diameter of each centrum, as well as diameter at the angle change (Wintner 2000) . The angle change on the centrum face was regarded as the birthmark (Wintner 2000) . Analyses were per-formed separately on vertebrae obtained from 3 different regions: trunk, abdomen and tail. All vertebral dimensions (VD, cm) were related to TL to determine the proportional relationship between somatic and vertebral growth so that the correct back-calculation method could be chosen (Goldman 2004) .
The relationship between lateral diameter (LD, cm) and TL was calculated to determine the best method for back-calculation of length-at-age data and to confirm the interpretation of the birth band. Regressions were fitted to the data by sex and an analysis of covariance (ANCOVA) was used to test for difference between the sexes. Based on recommendations in Cailliet & Goldman (2004) , multiple back-calculation methods were examined to find the most appropriate biological and statistical fit.
The analyses included the quadratic-modified DahlLea back-calculation method:
where a, b and c are the quadratic fit parameter estimates, LD i are the lateral diameters at band i and LD c is the lateral diameter at capture; as well as the linearmodified Dahl-Lea method:
where a and b are the linear fit parameter estimates. A minimum of 1 vertebra and, if available, multiple vertebrae, from different parts of the vertebral column was removed for processing. Every fifth vertebra from whole columns of 3 specimens was analyzed for changes in morphology, size and band pair count. X-radiography and sectioning were used to enhance the visibility of band pairs.
X-radiography. X-radiographic settings varied between the laboratories due to different machines, film and vertebral sizes. The diameter at the angle change was marked on each image. Band pairs were counted and measured twice by 1 reader (results hereinafter referred to as X-radiography). Images were scanned into the computer using a CreoScitex EverSmart Jazz 1 scanner with EverSmart Jazz Scanning Software version 3. Band pairs (consisting of 1 opaque and 1 translucent band) were then counted and measured by 1 reader using digital image analysis software Image Pro ® Discovery (hereinafter referred to as digital image analysis). X-radiographs were produced for each vertebra along the column of Specimen 36.
Sectioning. Sectioning was only performed on vertebrae from the western North Atlantic (Specimens 7 to 17, 37 to 40). One vertebra from each animal and every fifth vertebra from 2 whole columns were processed. The vertebrae were sectioned using either a Diamond Pacific Model TC-6 trim saw with a diamond blade or a standard hacksaw. Each centrum was sectioned through the center at the point where the lateral diameter measurement was taken. The resulting bow-tie sections were directly photographed with a millimeter scale using a Nikon Coolpix 5700 camera system or with an MTI CCD 72 video camera attached to an SZX9 Olympus stereomicroscope using reflected light. Sections were preserved in 70% ethanol. Band pairs were counted and measured on the images using Image Pro 4 software. Measurements on the sections were made along the same plane as would have been measured on the vertebral face so that comparisons could be made for both the angle change (birth band) and lateral diameter.
Bias. Aging bias and precision were analyzed by looking at percent agreement (± 1 band pair) and contingency tables. Chi-squared tests of symmetry (McNemar 1947 , Bowker 1948 , Hoenig et al. 1995 , Evans & Hoenig 1998 were performed to determine whether differences between readers were biased or due to random error (Cailliet & Goldman 2004) . Additionally, bias graphs and coefficient of variation (CV) were examined (Chang 1982 , Campana et al. 1995 .
RESULTS
Vertebrae were obtained from 40 specimens: 13 females (261 to 856 a cm), 16 males (311 to 840 cm) and 11 specimens of unknown sex (376 to 853 cm) ( Table 1) . Vertebrae from 37 basking sharks (261 to 856 a cm) were X-rayed, and X-radiographs were scanned for digital image analysis. Vertebrae from 12 of the 37 were also sectioned. Vertebrae from 3 other sharks were processed exclusively with sectioning. Nineteen specimens either lacked morphological measurements or were from either the extreme cranial or the tail area, and so could not be used for age-related analyses. The 21 samples used for agerelated analyses consisted of 9 females (261 to 716 cm), 11 males (311 to 840 cm) and 1 specimen of unknown sex (480 cm; Table 1 ). Band counts from all specimens were examined for comparison between processing techniques and the differences in band counts along the vertebral column.
Morphology of the vertebrae
Basking shark vertebrae are generally round but vary slightly in shape and morphology depending on their location along the vertebral column. The position In trunk vertebrae (Nos. ~30 to ~55), the basopophyses start to come together ventrally, while in tail vertebrae (Nos. 55 to tail tip), they combine to form the hemal arch (Fig. 1) . Vertebrae from all regions of the body contain distinct, evenly spaced band pairs. Unless otherwise noted, the following analyses use only samples obtained from above the gill area (n = 21).
Each of the 3 vertebral measurements showed significant positive relationships to TL (Fig. 2) . The shape of the vertebrae change as the shark grows, with the vertebrae often becoming wider at the ventral surface. It is due to this shape change that we used multiple VD measurements. Though we compared all the VD measurements that we made to TL, we used the LD measurement for the back-calculation as the lateral growth is symmetrical. The relationship between LD and TL was slightly curvilinear. A linear regression gave a significant fit to the data (TL = (1948.35 and 1750.46 , respectively) and a t-test that showed the third parameter to be significantly different from 0 (t = 1.77; df = 21, p = 0.09) An ANCOVA using ln-transformed data was used to compare the LD-TL relationships between the sexes. As there was no significant difference between either the slopes or intercepts (p = 0.30 and 0.42, respectively), the data were combined. It was still necessary to compare the mean back-calculated length-at-age from both the linear-and quadraticmodified Dahl-Lea back-calculation equations to determine if the better statistical fit equated to a better biological fit. This specimen was difficult to read using X-radiography by eye, thus, the digital image analysis count was used
Whole columns
Examination of vertebrae from different positions along the column of 3 specimens of various lengths (261, 457 and 714 cm) showed that the vertebral dimensions decline as vertebral number increases (Fig. 3a) . This trend is minor in small animals and dramatic in larger animals. Analyses of the VD-TL relationship were performed separately on vertebrae obtained from 3 different regions: abdomen, trunk and tail (as described in 'Results; Morphology of the vertebrae'). Comparison of the regressions of these 3 regions indicated that there was a significant difference in these relationships for all 3 VD measurements and all 3 regions (ANOVA; p < 0.05); therefore, conversions of VD to TL can only be used if the vertebrae are taken from the same region of the body.
Band pair counts differed along the vertebral column, particularly in the largest individual. Counts were low at the cranium, increased to a plateau and then decreased toward the caudal region (Fig. 3b) . Specimen 38 (714 cm) was missing the first few vertebrae of the column, thus the extreme cranial vertebral counts are missing. However, it is clear that the counts along this column follow the described pattern, as the first vertebra counted (~ No. 5) was lower than the subsequent 2 (~ Nos. 10 and 15), followed by a steep decline in band pair count to the caudal region. Band pair count along the column changes ontogenetically. The band pair counts of vertebrae of a small basking shark (261 cm) (from plateau to pre-caudal pit) never differed by more than 1. However, counts from the 457 cm (from plateau to pre-caudal pit) and 714 cm (from plateau to tip of tail) specimens differed by up to 3 and 20 band pairs, respectively. Additionally, comparisons of counts between cranial and caudal vertebrae from the same specimen of 8 additional sharks showed clear differences in band pair counts in the larger specimens (Table 2) .
Angle change
The diameter of the angle change differed depending on the location of the vertebra along the vertebral column. Due to the subjectivity of the location of the angle change on the face of the vertebrae, the angle change measurement between different researchers was not consistent. The angle change is generally presumed to represent the birth band (Casey et al. 1985) and those bands deposited prior to the angle change pre-birth bands; although we do not have validation, we will use this terminology. Average birth VD and numbers of pre-birth bands were derived from the vertebral sections only.
Using the sections only (n = 11), the number of prebirth bands ranged from 6 to 10 (mean ± 95% CI = 8.4 ± 0.81). The average angle change diameter occurred at 5.26 cm (95% CI, ± 0.47 cm). Mean length at birth calculated using the quadratic-modified Dahl-Lea backcalculation method ranged from 87 to 321 cm (mean ± 95% CI = 196.8 ± 57.2 cm), while that calculated using the linear-modified Dahl-Lea back-calculation method ranged from 243 to 376 cm (mean ± 95% CI = 301.2 ± 30.9 cm).
Bias and precision of band pair counts
Band pairs were visible in all vertebrae using all techniques (Fig. 4) . In some cases, dried vertebrae were distorted and interpretation was difficult. In addition, band pairs at the centrum edges of large vertebrae were difficult to discern using X-radiography. Two vertebrae were considered unreadable using 273 X-radiography (Table 1) . Sections provided very distinct band pairs on fish of all lengths.
Comparison of repeated counts using X-radiography indicated no systematic bias between counts 1 and 2 of 1 reader (Fig. 5) . The individual CVs between counts fluctuated around the mean at 4.0. Percent agreement to within 1 band pair occurred in 80% of the samples (56 of 70). Additionally, the McNemar (1947) , Bowker (1948) and Evans & Hoenig (1998) chi-squared tests of symmetry gave no indication that differences between counts 1 and 2 were systematic rather than due to random error (χ 2 test, p > 0.05). This level of precision was considered acceptable, and the second count was used in the growth curve analyses. Though the precision (repeatability) of the counts was high, the accuracy (reflection of the true age) was not.
Comparison of counts using vertebral sections yielded a slightly lower CV (2.5%). While the low sample size limits the value of the analyses, the bias graphs indicated no bias between counts. Percent agreement to within 1 band pair occurred in 83% of the samples (10 of 12). Additionally, the McNemar (1947), Bowker (1948) and Evans & Hoenig (1998) chi-squared tests of symmetry gave no indication that differences between counts 1 and 2 were systematic rather than due to random error (χ 2 test, p > 0.05). The sectioned counts were then compared to those obtained using digital image analysis and X-radiography.
While good agreement was found between counts obtained by a single method, counts differed depending on the method used. Percent agreement to within 1 band pair between digital image analysis and X-radiography occurred in 50% of the samples (21 of 42). However, 21% (9) of readings disagreed by 4 or more band pairs. The Bowker (1948) and Evans & Hoenig (1998) chi-squared tests of symmetry gave no indication that differences between these methods were systematic rather than due to random error (χ 2 test, p > 0.05). In contrast, the McNemar (1947) test did indicate that there was a systematic error (χ 2 test, p < 0.05). Graphical comparison of these counting methods supported the McNemar (1947) results, as it was apparent that counts from digital image analysis were higher than those obtained from X-radiography alone. The tests of symmetry using sectioning related to digital image analysis (n = 8) gave no indication that differences between these methods were systematic rather than due to random error (χ 2 test, p > 0.05). Percent agreement to within 1 band pair between digital image analysis and sectioning occurred in 50% of the samples (4 of 8). However, when sectioning was compared to X-radiography (n = 12), the Evans & Hoenig (1998) result indicated a significant difference (χ 2 test, p < 0.05), though the McNemar (1947) and Bowker (1948) tests did not. Percent agreement to within 1 band pair between sectioning and X-radiography occurred in 58% of the samples (7 of 12). Both methods that rely on X-radiography produced higher counts than sectioning, based on graphical comparison, though the small sample sizes limit the usefulness of these analyses (Fig. 6) .
Sectioning produced high quality images on all sizes of samples. Many splits in the opaque band were evident in sections of large vertebrae. These splits occurred at the edge of the corpus calcareum at what would be the face of the vertebra (Fig. 4) . In an X-radiograph of the vertebral face, these splits would appear as distinct bands and thus lead to over-counting. Additionally, X-radiographs of a whole vertebra penetrate through both faces of the vertebral cone. Thus, shadows of the band pairs on the backside will appear to be on the face that is being counted, which can lead to over-counting. Due to the inability of the software to distinguish between a shadow and a band, the digital image analysis method appeared to consistently overestimate the band pair count. The human reader would also tend to overestimate counts in the larger fish when using X-radiographs due to the difficulty of 'reading' the edges of the large specimens and the splits that would not be distinguished in the X-radiograph. The lower CV from the sectioning method also indicates that this method is more repeatable. Unfortunately, due to the difficulty in obtaining Cetorhinus maximus vertebrae to section, we had to primarily use the X-radiography method in our analyses. Band pair counts for 21 sharks that were used in the final analysis included 11 that were based on sections and 10 based on X-radiographs. Only 4 of the 10 with X-radiographs had band pair counts >17. Since this was the point where counts obtained from the 2 processing methods started to diverge (with the X-radiograph counts slightly higher), only the 4 samples with >17 band pairs were likely to be affected by processing differences, thus these are highlighted in the figures.
Band pair counts and total length
For both sexes, the number of band pairs increased with increasing length (Fig. 7a) . The maximum number of band pairs for males and females were 30 and 27 (Specimens 13 and 38), respectively, for those where vertebral location in the spinal column was known. The highest number of band pairs in any sample was 33 using X-radiography (Specimens 13 and 35) and 47 from digital image analysis (Specimen 35). The smallest specimen (No. 36) had 6 band pairs.
DISCUSSION
It is evident upon examination of published literature on basking shark vertebral morphology and age and growth that authors have known that the basking shark vertebrae are irregular compared to other species of elasmobranch. Hasse (1882) and Ridewood (1921) highlighted 2 points about the vertebral centra of the basking shark that are critical: (1) that '...in passing back from the root of the caudal fin the concentric lamellae dwindle...' (Ridewood 1921) and (2) that the basking shark vertebral centra are different from other lamnoids such that the adult hind caudal vertebra are more recognizable as lamnoid in character than the trunk and anterior caudal vertebrae of the young. Ridewood (1921) also noted that the band pair counts change along the vertebral column. The difference in appearance of basking shark vertebrae from the white shark Carcharodon carcharias, shortfin mako Isurus oxyrinchus, salmon shark Lamna ditropis, porbeagle Lamna nasus or thresher Alopias vulpinus is clear and verifies the differences Hasse (1882) and Ridewood (1921) mentioned. Additionally, in the porbeagle, shortfin mako and thresher, all vertebrae along the column have the same number of band pairs (Natanson et al. 2002 unpubl. data). Even while proposing the biannual band pair deposition hypothesis, Parker & Stott (1965) cast doubt on it for the same reasoning we provide: 'the irregularities that occur in a single vertebra, the reduced number of rings in the caudal region and the apparent existence of seven rings at birth are features that do not obviously harmonise with the idea of annual increases of two rings.' At the time, Parker & Stott (1965) were unable to provide an alternate hypothesis. While several of the previous studies that looked at band pairs in the basking shark noted the difference in band pair count along the vertebral column (Ridewood 1921 , Parker & Stott 1965 , Desse & Du Buit 1971 , others have not found a difference along the column (Jägerskiöld 1915 , Izawa & Shibata 1993 . The disparity between these studies is in the length and condition of the specimens examined. Izawa & Shibata (1993) examined a 260 cm specimen which had 8 band pairs. In the present study we also examined a specimen (no. 36) of 260 cm TL, which had 6 to 7 band pairs. The difference in counts between these same-sized specimens could be due to individual variation or the fact that the specimen from the present study was emaciated and in very poor condition. If band pair deposition is related to girth and body support, the decreased number of band pairs in our specimen may be due to its being underweight and thus not having the girth to require support. This may also explain the low number of band pairs and lack of difference along the length of the vertebral column in the Jägerskiöld (1915) specimen. Photographs presented in that publication show a thin, underweight specimen. This specimen would be expected to show some band pair count variation along the vertebral column based on our observations along the column of a 550 cm specimen which had band pair counts ranging from 8 to 18 for small and large vertebrae, respectively. Jägerskiöld's (1915) specimen had fewer bands than would be expected on the largest vertebrae based on length (our 457 cm specimen had 12 band pairs and our 550 cm specimen had 18). The count is not in question as our Sample 25 is Jäger-skiöld's (1915) sample and we obtained the same count (12). While the lower band pair count could be due to individual variation, combined with the lack of variation along the column, this suggests that this specimen is anomalous. Ridewood (1921) and Desse & Du Buit (1971) , examined specimens of various stages (an adult, a young individual and an individual of 15 m TL), and did find a difference in band pair count in vertebrae taken from along the vertebral column. Parker & Stott (1965 ) noted Ridewood's (1921 findings of changes in counts along the column and though their specimens widely ranged in length (475 to 877 cm), they sampled from 1 area along the column to maintain consistency. Since none of these previous authors examined whole columns from a range of specimen lengths, they did not take note of the ontogenetic changes in band pair number.
Vertebral growth zone deposition in the basking shark is similar to that of the angel shark Squatina californica (Natanson & Cailliet 1990) . The angel shark, the gummy shark Mustelus antarcticus and the school shark Galeorhinus galeus have all been found to have a change in band pair count along the vertebral column (Ridewood 1921 , Natanson & Cailliet 1990 , Officer et al. 1996 . In both the angel shark and the basking shark, the band pair counts along the vertebral column are similar in the young, and progressively become variable along the column so that in adults, counts are low in the cranial vertebrae, increase to a plateau at the anterior abdominal area and decrease toward the tail (Natanson & Cailliet 1990; their Fig. 2) . Additionally, Natanson & Cailliet (1990) documented that angel sharks are born with ∼7 band pairs. Parker & Stott (1965) first suggested that basking sharks had 7 or possibly 8 band pairs at birth, which corresponds to results from the present study indicating an average of 8 pre-birth band pairs. Most elasmobranch age studies do not indicate if band pair counts along the vertebral column were examined; however, this is an important step in determining the usefulness of the vertebrae as an aging structure. Consistency in location of vertebral sampling is important not only for calculating the relationship between vertebral dimension and body length (Natanson et al. 2006 , Piercy et al. 2006 ) but also for comparison of band pair count. Though many studies have shown that band pair counts are consistent along the vertebral column (Natanson et al. 2002 , Joung et al. 2004 , Kneebone 2005 , Bishop et al. 2006 , Piercy et al. 2006 unpubl. data), the results of those studies that do show a difference highlight the need to examine band pair counts along the column of every species aged.
Angel sharks deposit band pairs relative to growth rather than time (Natanson & Cailliet 1990 ) and the similarities in vertebral growth between the angel shark and the basking shark suggest that vertebral growth in basking shark might also be related to somatic growth; however, age validation for the basking shark has not been completed. The consistency of the growth bands suggests that they might be related to a structural component of the vertebral column and the increase in structural bands in the thickest part of the shark also suggests a strengthening component. Band pair deposition in the angel shark appears to be related to growth in girth and therefore to provide physical support for the growing vertebrae in the widest part of the animal (Natanson & Cailliet 1990) . Unfortunately, girth data were not available for most of the samples in the present study for comparison.
Counting band pairs in the basking shark is not difficult regardless of preparation method. There is a high level of repeatability of counts within each method. Results between methods, however, indicate that use of X-radiography overestimates band pair number in specimens with >17 band pairs. Most of the previous studies on the basking shark appear to use either sections or whole vertebrae, and thus band pair counts between studies are comparable if the vertebrae are taken from the same location of the vertebral column. Often this is not the case, which explains the discrepancy between Springer & Gilbert's (1976) Sarasota basking shark 'age' (16) and Eastern Atlantic specimens of similar length (22). Springer & Gilbert (1976) were comparing the counts from a pelvic vertebra to counts from a pre-caudal vertebra. A count difference of > 7 band pairs could be obtained from these 2 areas of the vertebral column in a shark this length (based on counts from a similar length shark; Specimen 38; Table 2 ).
Overall, band pair counts from the present study seem to fit those reported in the literature, although there is count variation in specimens of similar lengths. This difference could be due to the unknown location of some of these vertebrae along the respective vertebral columns or to individual variation in somatic growth (Fig. 7b) . Lein & Aldrich (1982) presented a maximum and a minimum count for their samples. They noted the change in counts along the column and the maximum count came from the largest vertebra from a specimen (J. Lein pers. comm.). Additionally, they were counting on the face of fresh (unpreserved) unprepared vertebrae (J. Lein pers. comm.) . Due to the similarity in location of these vertebrae to our 21 samples of known location, we can compare the counts between the studies and thus enhance the sample size.
Changes in band pair width led to Parker & Stott's (1965) conclusion that 7 band pairs were deposited prior to birth. Because they assumed no difference in pre-gestational and post-gestational deposition, they estimated a 3.5 yr gestation. Current information on the pre-birth bands for the angel shark gives us more insight as to possibilities for the basking shark. The angel shark has 7 pre-birth band pairs yet has only a 10 mo gestation period. The 7 pre-birth bands are presumably what is needed mechanically to support the neonate at the birth length. The change in band spacing between pre-and postnatal basking shark vertebra noted by Parker & Stott (1965) is possibly related to the change in growth rate between the rapidly growing embryo and the slower growing neonate. Our finding of 8 pre-birth bands corresponds to an average length at birth of 197 cm TL using the quadratic-modified and 301 cm TL using the linear-modified Dahl-Lea backcalculation equations. Currently, the birth length of this species is not well documented. Matthews (1950) suggested a birth length of 6 feet (183 cm TL) based on a lack of observations of smaller individuals. Springer & Gilbert (1976) stated that no free-swimming young < 200 cm have been recorded; however, the smallest free-swimming specimen is 180 cm (Lein & Fawcett 1986) . Historically, Templeman (1963) reported on a 200 cm postnatal specimen from 1833. These appear to be the smallest reliably reported specimens on record. The few measured small free-swimming specimens are similar in length to those mentioned in the anecdotal reports and suggest a reasonable estimated birth length for Cetorhinus maximus of approximately 180 to 200 cm, which is similar to our quadratic-modified Dahl-Lea estimate (197 cm TL) . This suggests that the quadratic-estimated back-calculation is, both statistically and biologically, the preferred method for estimating age at previous length in this species.
The current evidence suggests that the basking shark may deposit band pairs relative to structural morphology rather than time. Regardless, it is evident that while the vertebrae from the basking shark grow proportionally to the body length and have distinct band pairs, the band pairs may not be formed relative to an increment of time, and thus the vertebrae from this species may not be useful for determining age. Ongoing studies into the validation of the band pairs should provide a more definitive picture of the vertebral deposition in this species. 
